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Abstract 
This paper aimed to test the dynamic relationship between economic growth, energy consumption and defence expenditure in 
China for the period 1987–2013. It was used to the bounds test approach to cointegration developed by Pesaran et al. (2001) and 
it was determined whether there was a short and a long-run relationship among defence expenditure, energy consumption and 
economic growth. It was found that defence and energy consumption has a positive and a statistically significant impact on 
economic growth of China. Further, it was applied the Granger causality and it was determined a positive and a significant causal 
relation between variables. 
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1. Introduction   
Energy consumption and defense are major themes that have impact on economic development and growth. The 
experience of developed countries shows that the energy consumption and defense expenditure play a crucial role as 
a key factor in improving the quality of life of the people. 
Economic growth accelerates defense sector and energy consumption, on the other side the defense sector 
stimulates to economic growth and energy consumption.  The relationship between the economic growth, defense 
expenditure and energy consumption is complex and related with each other.  
After World Wars I. and II., the scale and the capabilities of the military,  new weapons in capable of immense 
destruction, changed warfare etc. (Clark et.al:2010)  effected defense expenditure, energy consumption and 
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economic growth. Energy consumption increased in effect of the new weapons developed by the scientist and 
economic growth. Especially after the Second World War, the scale and the capabilities of the military became very 
important for economic growth and energy consumption.  
Defense sector consumes large amounts of fossil energy in planes, ships, and tanks (Jorgenson et.al:2010.) even, 
in peace time, military institutions and their activities (York 2008; Jorgenson et.al:2010). For example, in the 1980s, 
“nearly a quarter of all jet fuel” was consumed by militaries throughout the world; and approximately three-quarters 
of the oil consumed by the armed forces fuels the vehicles, aircrafts, sea vessels, and other forms of warfare 
machinery (Renner 1997).       
This study aims to analyze the causal relation between energy consumption, economic growth, and military 
expenditure in China.       
This study is the first paper analysed the relation between these variables, using cointegration and causality 
methods. It can be considered as complementary of the studies in literature of energy and defense economics. Auto 
Regressive Distributed Lag Bounds(ARDL) test is used to determine if economic growth, energy consumption and 
nations' military establishments are cointegrated for Chia in a stable manner for whole period.           
Since a long and short-run relationships between the variables are important for China’s energy policy and 
strategy. ARDL approach tests if the existence or absences of long-run relationship between the military 
expenditure, economic growth and energy consumption, but it does not determine causal relationship between 
variables. Granger causality test used to determine causality. And lastly, it was used generalized foreast-error 
variance decomposition technique proposed by Pesaran et.al (2001) to test the strength of the casuality test     
The second section highlights the relation between variables. In the third section, data specifications and 
econometric methodology are identified. The fourth section consists of the empirical results and  the last section give  
conclusions and policy implications.  
2. Energy Consumption, Economic Growth and Defense Expenditure in China  
China’s economic growth is closely linked to the country’s energy consumption and defense expenditure, and the 
world’s energy consumption and economic growth is increasingly base on China’s economic growth.          
In effect of economic growth, China’s defense sector has lived a dramatic change since the late-1990s, and its 
companies and research institutes continue to re-organize in an effort to improve weapon system research, 
development and production capabilities. 
China has a powerful and potentially destabilizing military force—a regional and a political superpower 
(Muldavin: 1997) And defense sector consume large amounts of energy in planes, ships, and tanks.  Even in peace 
time, military institutions and their activities consume vast amounts of fossil energy for research and development, 
maintenance, and operation.       
These capital-intensive militaries employ equipment, personnel and advanced weaponry that require an enormous 
amount of fossil fuel energy (Clark et al. 2010; Jorgenson et.al:2012). Modern high-tech militaries with planes, 
helicopters, ships, tanks and armed vehicles etc. consume   enormous amounts of fossil-fuel energy.  
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3. Data Specifications and Econometric Methodology 
3.1.1.  Data specifications 
The annual data used in this study covered the period from 1987 to 2013 for China. The energy consumption (C), 
defense expenditure (M), and real perCapita GDP (Y) variables were used. Data of energy consumption was taken 
from World Bank. The military expenditure (M) was measured in constant 2005 US dollars and obtained from the 
World Bank. Real perCapita GDP, energy consumption data was taken from the World Bank and BP stattistics.   
Data were logged (ln) to minimize skewness and so all variables were measured in logarithms. 
 
3.1.2. Econometric Methodology 
In this paper, the estimation process was constructed in six steps. First, unit root test  was used to determine 
whether the variables are I(0) or/and  I(1) or combination of I(0) and I(1). In the second step, the ARDL bound test 
was implemented to determine whether there was a cointegration relationship.  ARDL assumes the existence of a 
unique cointegration vector. To dispel any doubt about the possible existence of multiple cointegration vectors, F 
test was applied for every variable.   The optimal lag order was chosen so that at the disturbance terms was not 
serially correlated. The lag order must be high enough to reduce the residual serial correlation problems morever, it 
should be low enough so that the conditional ECM is not subject to over-parameterisation problems (Ang, 2007; 
Narayan, 2005; Pesaran et al., 2001; Wolde-Rufael, 2010; Bildirici and Ersin: 2015 for over-parameterisation 
problems).  In the third step, parameters were estimated by using an error correction model.  In the fourth step, the 
CUSUM and CUSUM-Q plots was used to check the stability. In the fifth step, the Granger causality methods were 
used to specify the causality. In the last step, it was used generalized forecast error variance decomposition technique 
to test the strength of the causality test. 
 
3.1.3. ARDL Method 
The ARDL models for the standard log-linear functional specification of a long-term relationship between 
variables are  as follows: 
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where 1tand H'
 
are the first difference operator and the white noise term, respectively. An appropriate lag 
selection is based on the Schwartz Information Criterion (SIC). The bounds testing procedure is based on the joint 
F-statistic or Wald statistic that tests the null hypothesis of no cointegration. The null hypothesis of no cointegration 
among the variables in Equation 1, 2 and 3 is
0 1 2 3: 0H G G G   , against the alternative hypothesis, 
1 1 2 3: 0H G G Gz z z .           
 
3.1.4. Granger causality 
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The VECM used to analyze the relationships between the variables was constructed as follows: 
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where residuals et are independently and normally distributed (i.i.d) with zero mean and constant variance; ECMt-1 
is the ECM term resulting from the long-run equilibrium relationship; and ] is a parameter indicating the speed of 
adjustment to the equilibrium level after a shock. It shows how quickly variables converge to equilibrium and must 
have a statistically significant coefficient with a negative sign. 
Granger causality can be examined in short-run Granger causalities by 0 2 3: 0i iH a a  
 
and 
1 2 3: 0i iH a az z  in Equation (4) 0 2 3: 0i iH h h  
 
and 1 2 3: 0i iH h hz z  in equation (5), 
0 2 3: 0i iH b b  
 
and 1 2 3: 0i iH b bz z  in equation (6)  for all i.  
4. Emprical results 
ADF and PP test were applied to determine that none of the variables is I (2) or beyond.  All variables were 
determined as I(1). In this condition, it can be mentioned from cointegration between variables 
Table 1. The Results of Unit Root Test  
 ADF PP 
 Level First Difference Level First Difference 
China     
y 0.1392 -4.531 0.1389 -4.530 
c -0.178 -4.803 -0.416 -4.803 
m -1.106 -4.116 -1.684 -4.102 
 
Table 2 shows the results of the ARDL bounds tests. The null hypothesis can be rejected at the 1% and 5% level 
of significance when energy consumption is considered to be the dependent variable and other variables are the 
independent variables. If other variables are selected as dependent variables, the null hypothesis can be not rejected. 
The results determined there are only one cointegrated vector and the evidence of no cointegration when other 
variables are treated as the dependent variables.  
Table 2.  Bounds Testing for Cointegration 
 Fy (y;c,m) Fc (c;y,m) Fm (m;c,y) 
China 0.5682 8.5763* 0.8541 
 
Stability of the Cointegration and Causality   
     CUSUM and CUSUM-Q tests were implemented to determine whether the parameters in the models are stable. 
These tests do not require prior knowledge about the time of the structural breaks. Lines show the boundaries of 5% 
significance levels. The figures show that the parameters are stable; the sum of the squared residuals is inside of the 
critical bounds of 5% significance level.  
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Figure 1: CUSUM and CUSUM-Q Stats 
 
Long-run results  
Table 3 displays the long-run elasticities. According to the results, the income elasticity of energy consumption was 
found as e> 1.  Military expenditure elasticity of energy consumption was found as e <1 with positive sign. The 
elasticities are interpreted as usual.  
Table 3.  Long-run Coefficients for ARDL 
 ARDL 
 y c m 
China 1.1312 
(2.587) 
- 0.6516 
(2.807) 
           
The Error-Correction Model 
            
The ECM term showed a slow speed of adjustment to any disequilibrium toward long-run equilibrium in China.  
 
Table 4.  The error-correction representation Model 
 dy dc dm ECM 
China 0.1658 
(2.76) 
- 0.2216 
(2.103) 
-0.1826 
(3.07) 
 
 
 Granger Causality Results  
Table 5 summarizes the causality relationships between energy consumption, military expenditure and economic 
growth. The results of the Granger causality determined the evidence of  bi-directional Granger causality between y-
c, y-m and c-m in  China.  
Energy conservation policies oriented toward the reduction of energy consumption may not have an adverse 
impact on economic growth. 
 
Table 5.  Results of Granger Causality for Oil Consumption and Economic Growth  
 ' y →' c 
' c→' y 
Direction of  
Causality 
' y →' m 
' m→' y 
Direction of  
Causality 
' c →' m 
' m→' c 
Direction of  
Causality 
China 3.2546* 
3.1348* 
Yl  C 
 
2.5618* 
2.7642* 
Yl  M 
 
6.4652* 
10.8342* 
Cl  M 
 
The causality results do not allow gauging the relative strength of the causality between the series beyond the 
sample period (Wolde-Rufael: 2010). For this reason, it was decomposed the forecast-error variance of economic 
growth into proportions attributed to shocks in all variables in the system as suggested by Pesaran and Shin (1998). 
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So it was obtained to the contributions of military and energy consumption to economic growth and the contributions 
of economic growth and military to energy consumption and the contributions of economic growth and energy 
consumption to military. 
The causality results between GDP and military expenditure were confirmed by the results of forecast-error 
variance.  
    Table 6. Variance Decomposition Results 
Chına 
Dependent variable Δ lnyt   Dependent variable Δ lnc Dependent variable Δ lnm 
 Horizon Δ y Δ lnc Δ lnm Δ y Δ lnc Δ lnm Δ y Δ lnc Δ lnm 
0 1.0000 .01653 .23080 .116533 1.0000 .013671 .23080 .013671 1.0000 
 1 .99957 .01766 .31954 .213172 .99743 .307978 .23135 .212844 .99996 
 5 .99441 .02305 .38553 .306243 .97229 .384027 .33310 .310458 .99933 
 10 .98453 .03176 .25830 .203512 .94013 .222826 .23418 .209662 .99767 
 
The results of variance decomposition analysis were given in Table 6. Almost 3.2% of the forecast-error variance 
of economic growth is explained by energy consumption’s forecast-error variance and 38% military’ forecast-error 
variance. Around 38% of the forecast-error variance of energy consumption is explained by the forecast-error 
variance of military. On the other hand, around 31% of the forecast-error variance of military is explained by the 
forecast-error variance of energy consumption and 33% by economic growth. 
Conclusion 
The ARDL approach was employed to examine the relationship between economic growth, defense expenditure 
and energy consumption in China.  
There is the evidence of bi-directional causality between GDP and defense expenditure, between GDP and energy 
consumption and between energy consumption and defense expenditure. Our results determined that the impact of 
military on energy consumption is very important. 
Since the causality results do not allow gauging the relative strength of the Granger causality between the series 
beyond the sample period, we used the forecast-error variance method. It was decomposed the forecast-error 
variance of economic growth into proportions attributed to shocks in all variables in the system. The results obtained 
from forecast-error variance supported to the contribution of military expenditure and energy consumption to 
economic growth and the contribution of economic growth and military expenditure to energy consumption and the 
contribution of economic growth and energy consumption to military expenditure. 
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